The Sanita-kun E. coli & Coliform sheet medium consists of a transparent cover film, an adhesive sheet, a layer of nonwoven fabric, and a water-soluble compound film, including a culture medium formula for the enumeration of total coliforms and differentiation of Escherichia coli. The Sanita-kun E. coli & Coliform sheet is a chromogenic medium and contains X-Gal, which is hydrolyzed by b-galactosidase from coliforms to produce a visible blue dye and Salmon-glucuronic acid, which is hydrolyzed by b-glucuronidase from E. coli to produce a red-purple dye. It is easy to distinguish the difference between E. coli and coliform (other than E. coli) colonies. Total coliforms and E. coli can be enumerated by incubating the sheet medium at 35 ± 1°C for 21-24 h without further confirmation. The Sanita-kun E. coli & Coliform sheets were validated as a medium for the enumeration of E. coli and total coliform in meats and meat products using processed meat and two types of raw and frozen meats using stomacher and blender homogenization. In the stomacher homogenization, all 100 samples showed no significant difference between Sanita-kun sheet and AOAC Method 966.24. The linear correlation coefficients (r 2 ) were calculated as 0.90 (coliform) and 0.79 (E. coli). In the blender homogenization, out of 100 samples tested, 99 showed no significant difference between Sanita-kun sheet and AOAC Method 966.24, but the count of total coliforms of Sanita-kun in one sample of uninoculated raw beef was significantly higher than that obtained by AOAC Method 966.24. The linear r 2 values were calculated as 0.84 (coliform) and 0.86 (E. coli). The inclusivity and exclusivity study indicated an inclusivity rate of 100% and an exclusivity rate of 95.4%. The sensitivity study showed positive results when the homogenate or dilution contained 3 CFU/mL of coliform or E. coli. The performance of four different lots of the sheets was equivalent, and suggested no change of the performance at least for 3 years at 2-15°C. The Sanita-kun E. coli & Coliform sheet medium has been granted Performance Tested Method SM status.
(3.2.3) Blender.-Waring, or equivalent, multispeed model, and 500 mL or 1 L metal blender jars with covers.
(3.2.4) Pipet.-Gilson (Villier-le-Bel, France) Pipetman, or equivalent, with sterilized or autoclaved tips, which can dispense 1.00 mL of liquid.
General Preparation
The aluminum bag is cut with scissors. Then a sufficient number of the Sanita-kun sheets are removed from the bag. The opening of the bag is securely shut by folding and clipping to protect the rest of the sheets from drying out, and the bag is stored at 2-8°C.
Sample Preparation
A 50 g portion of sample is put into a stomacher bag or blender. A 450 mL volume of Butterfield's phosphate buffer, sterile phosphate-buffered saline (PBS), or the equivalent is added, and the sample is homogenized for 2 min. Some decimal dilutions with the same buffer can be recommended depending on the sample.
Analysis
Open the transparent cover film to the dark green tape section. Then apply 1 mL sample homogenate or sample dilution to the nonwoven fabric with a micropipet or equivalent device. Replace the transparent film on the nonwoven fabric. It is not necessary to wait for complete absorption of the sample solution. The transparent film will adhere to the adhesive sheet on its own, once it is released. Gently pat the transparent film to make sure the transparent film adheres to the adhesive sheet. Wrinkles do not impede the detection of microorganisms. Do not squeeze the sheet. Incubate at 35 ± 1°C for 21-24 h. Count the purple-to-indigo colonies as E. coli and purple-to-indigo and blue-to-green colonies as coliforms.
Interpretation and Test Result Report
Interpretation.-One blue-to-green or purple-to-indigo colony on the Sanita-kun sheet should be counted as 1 coliform CFU. One purple-to-indigo colony on the Sanita-kun sheet should be counted as 1 E. coli CFU.
Test result report.-When blue-to-green or purple-to-indigo colonies are <300, one colony is counted as 1 CFU. The CFU/g sample is determined by multiplying the counted colony number by a dilution rate. If the number of colonies is >300, colonies on the entire sheet can be estimated by counting in only some grid areas and multiplying a factor, which is calculated as factor = 20/n. Twenty is a total number of grid area, while n is the number of grid areas on which colonies are counted. The number of microorganisms is estimated by multiplying the counted or estimated colony number on a sheet by the dilution factor. Average count is obtained and reported as a coliform or E. coli count CFU/g.
Internal Validation
Internal validation studies were conducted at Chisso Corp., Yokohama Research Center. Significant difference between the two methods was statistically tested using Student's t-test for paired data in each study. The SD r values were statistically compared using the F-test.
(3.7.1) Microbial strains.-As shown in Table 1 , 32 E. coli, 33 coliforms other than E. coli, and 66 noncoliform strains were used in this study.
(3.7.2) Inclusivity and exclusivity.-Twenty-four typed strains of E. coli from two culture collections, eight strains of E. coli isolated from foods, 21 typed coliform strains other than E. coli from four culture collections, 12 strains of coliform isolated from a food and identified using Gram stain and API 20E, and 65 noncoliform strains were inoculated to nutrient broth and incubated at 35 ± 0.5°C for 16 h with continuous shaking, except for lactic acid bacteria. The broth was properly diluted with sterilized saline. One loop or 1 mL of the diluted broth was applied to BGLB or the Sanita-kun E. coli & Coliform sheet. The BGLB broth was incubated at 35 ± 0.5°C. After 24 ± 0.1 h incubation, gas production was observed; it was confirmed after further 24 ± 0.1 h incubation. The Sanita-kun sheet was incubated at 35 ± 0.5°C for 24 ± 1 h. The strain with gas production in BGLB broth was recognized as coliform-positive. The strain, which showed green-to-blue or purple-to-indigo colonies on the Sanita-kun E. coli & Coliform sheet, was recognized as positive in the Sanita-kun test.
(3.7.3) Ruggedness study.-In the experiment to determine the effect of incubation temperature and time, a 50 g sample was placed in a plastic bag. To each bag, final 100-2000 CFU/g level of E. coli NBRC13500 and Enterobacter aerogenes IFO13534, Enterobacter intermedium JCM1238, or Klebsiella oxytoca JCM1665 were inoculated. Sterile PBS was added to obtain a 500 mL suspension in the bag, and the bag was homogenized with Masticater Type S for 2 min. Portions (1 mL) of sample homogenates were applied to five replicate Sanita-kun sheets and incubated at 34 ± 0.5, 35 ± 0.5, 36 ± 0.5, and 37 ± 0.5°C. Colonies were counted after 20 ± 0.5, 21 ± 0.5, 22 ± 0.5, 23 ± 0.5, 24 ± 0.5, 25 ± 0.5, 26 ± 0.5, 27 ± 0.5, and 28 ± 0.5 h incubation.
(3.7.4) LOD.-Ham was mixed and ground, and then divided into ten 50 g subsamples. E. coli NBRC13500 suspension was added to each subsample for an inoculum of 10 CFU/g. Inoculated subsamples were stored in a refrigerator at 2-8°C for 3 days. A 450 mL volume of sterile PBS (pH 7.2) was added to each stored subsample, and samples were then homogenized with Masticater Type S for 2 min. Portions (1 mL) of each homogenate were inoculated to 10 replicates of Sanita-kun E. coli & Coliforms sheets. The Sanita-kun sheets were incubated at 35 ± 0.5°C for 24 ±1 h. Colonies on each Sanita-kun sheet were counted after the incubation. Rate of sheets that detected at least one colony in the total 10 sheets was calculated as a positive rate.
(3.7.5) Lot-to-lot study.-The four lots of Sanita-kun sheet were 050616EC (manufactured in June 2005); 051119EC (manufactured in November 2005); 061128EC (manufactured in November 2006); and 080606EC (manufactured in June 2008). The lots were stored in the refrigerated warehouse at 2-15°C. Raw beef, frozen beef, raw pork, frozen pork, and ham were obtained from retail markets.
Each meat or ham was ground, and then divided into subsamples of 50 g each. The E. coli NBRC13500, Raoultella terrigena NBRC14941, and Staphylococcus aureus NBRC15035 were cultivated in nutrient broth, and incubated at 35 ± 0.5°C for 8 h with shaking. After incubation, each culture was diluted with sterile PBS, and a portion of culture dilution was inoculated into each subsample. Inoculated raw beef, raw pork, and ham were stored in a refrigerator at 2-8°C for 3 days or longer, and frozen beef and frozen pork were stored in a freezer at -20°C for 2 weeks or longer. A 450 mL volume of sterile PBS (pH 7.2) was added to each stored subsample and each 50 g of uninoculated ham or raw pork, which were homogenized with Masticater Type S for 2 min. Each 1 mL portion of homogenate or dilution was inoculated into five replicates of Sanita-kun E. coli & Coliforms sheets. The Sanita-kun sheets were incubated at 35 ± 0.5°C for 24 ± 1 h.
(3.7.6) Comparison to reference method and repeatability.-Raw beef, frozen beef, raw pork, frozen pork, and ham were obtained from retail markets. About 300 g of each product was ground and divided into five 50 g subsamples. The E. coli NBRC13500 and Raoultella terrigena NBRC14941 were cultivated in nutrient broth, and incubated at 35 ± 0.5°C for 8 h with shaking. After incubation, each culture was diluted with sterile PBS, and a portion of culture dilution was inoculated into each subsample for target levels 10-100, 100-1000, and 1000-10 000 CFU/g. The inoculated number was estimated by counting the colonies on the Sanita-kun Aerobic Count sheets after incubation at 35°C for 24 h. Inoculated or uninoculated raw beef, raw pork, and ham were stored in a refrigerator at 2-8°C for 3 days or longer, and frozen beef and frozen pork were stored in a freezer at -20°C for 2 weeks or longer. A 450 mL volume of sterile Butterfield's phosphate buffer was added to each subsample, and samples were homogenized with Masticater Type S for 2 min or CELL MASTER CM-100 for 2 min at 12 000 rpm. The homogenates were diluted with Butterfield's phosphate buffer to 1:100, 1:1000, and 1:10 000. Each 1 mL portion of homogenates or dilutions was inoculated to five replicates of Sanita-kun E. coli & Coliform sheets. The Sanita-kun sheets were incubated at 35 ± 0.5°C for 24 ± 1 h. The purple-to-indigo colonies on the Sanita-kun sheet were counted as E. coli and the blue-to-green colonies were counted as non-E. coli coliform.
The same homogenates were examined according to AOAC Method 966.24 as follows: The homogenates were diluted with Butterfield's phosphate buffer to 1:100, 1:1000, and 1:10 000. Each 1 mL portion of homogenate and dilution was added to each of three tubes of 9 mL Lauryl Sulfate Tryptose (LST) broth containing fermentation tube and incubated for 48 ± 2 h at 35°C. Gas formation was examined at 24 and 48 h. From the gas formation tube, one loop culture was transferred to a BGLB broth and EC broth containing a fermentation tube. The BGLB broth was incubated for 48 ± 2 h at 35°C. The most probable number (MPN) of coliforms was determined on the basis of the number of BGLB broth tubes that produced gas using MPN Table 966 .24A. The EC broth was incubated in a water bath for 48 ± 2 h at 45.5 ± 0.02°C. Gas formation was examined at 24 and 48 h. One loop of gas formation tube was streaked onto a Levine's Eosin Methylene Blue (LEMB) agar plate and incubated for 24 ± 2 h at 35°C. Two or more typical or similar E. coli colonies were picked and streaked in a plate count agar slant. After 18-24 h incubation at 35°C, a portion of the culture was tested with Gram stain and transferred to a tryptophane broth, Methyl Red-Voges Proskauer (MR-VP) medium, Koser citrate broth, and LST broth. Kovacs regent (0.2-0.3 mL) was added to the tryptophane broth after incubation for 24 ± 2 h at 35°C. The upper layer of the tube, which turned red, was considered indole-positive. MR-VP medium was incubated for 48 ± 2 h at 35°C. A 1 mL portion of culture was transferred to a 131 00 mm test tube, and 0.6 mL 5% alcoholic alpha-naphthol solution (w/v), 0.2 mL KOH solution (4 + 10), and a few crystals of creatine were added. The tube was shaken and left to stand for 2 h. The tube developed a pink color, and was determined to be VP-positive. After an additional 48 h incubation of the remaining MR-VP culture, 5 drops of methyl red solution were added to the culture. The culture, which turned red, was determined to be MR-positive; yellow indicated negative. Koser citrate broth was incubated for 96 h at 35°C. The observation of growth was determined to be citrate utilization-positive. LST broth was incubated for 48 ± 2 h at 35°C and examined for gas formation. The culture of Gram-negative nonsporeforming rod, LST gas formation, indole-positive or -negative, MR-positive, VP-negative, and citrate utilization-negative indicated the presence of E. coli. The MPN of E. coli was determined on the basis of the number of E. coli-positive tubes using MPN Table 966 .24A.
Independent Validation
Independent validation studies were conducted by Silliker Inc. Research Center under the direction of the AOAC Research Institute.
Escherichia coli (SLCC 1809, chicken broth) and Enterobacter cloacae (SLCC 1008, almond) were used for the inoculation of raw ground beef. Biochemical confirmations were performed before initiating the study. The cultures were cultured in 10 mL brain heart infusion (BHI) broth and incubated at 35 ± 1°C for 18-24 h. Numbers of CFUs were determined on Tryptic Soy Agar (TSA) incubated at 35 ± 1°C for 24 ± 2 h. The broth cultures were stored at 4°C before product inoculation. Dilutions were prepared with Butterfield's phosphate buffer (0.3 mM, pH 7.2). Raw ground beef was screened for E. coli and coliforms and total aerobic count before inoculation using AOAC Method 966.23.
Portions of raw ground beef were inoculated with appropriate dilutions of 24 h broth cultures of E. coli and E. cloacae for target levels of 30, 300, and 3000 CFU/g. Dilutions were prepared with Butterfield's phosphate diluent. The cell count was determined by plate count, and 3.2-3.3 mL diluted culture was added to 275 g raw ground beef and mixed thoroughly to obtain the desired levels of inoculation. After inoculation, the samples were stored at 4°C for 48 h to adapt the inoculum to the product.
Five 50 g samples of inoculated raw ground beef at three inoculation levels, and three uninoculated samples were analyzed for E. coli and coliform count using the Sanita-kun E. coli & Coliform sheet medium for E. coli and coliform bacteria method and AOAC Method 966.24 in raw ground beef. Each 50 g sample was added to 450 mL PBS and homogenized in a Stomacher for 2 min. A 1 mL aliquot of the homogenized sample was inoculated onto the Sanita-kun sheet according to the method instructions, and the same sample homogenate was used to inoculate a 3-tube MPN in LST broth according to AOAC Method 966.24.
For confirmation, two presumptive coliform and two presumptive E. coli colonies from the Sanita-kun method were Gram-stained and transferred to LST broth. The LST tubes from both methods were then observed for gas production, and all positives from the AOAC method were transferred to BGLB broth and EC broth for coliform and E. coli confirmation, respectively. The positive LST tubes for the Sanita-kun confirmation were transferred to the appropriate BGLB or EC tubes. After enrichment, the BGLB tubes were observed for gassing, which confirmed the presence of coliforms. The EC tubes were observed for gassing, and all positives tubes were streaked to LEMB agar and tested for IMViC reactions.
All bacterial counts were converted into logarithms for data analysis. For the E. coli counts and for total coliform counts, a paired t-test was used to determine if the mean of replicate samples at each contamination level was different between the Sanita-kun E.coli & Coliform sheet medium and the AOAC reference method. The repeatability (s r ) and RSD r of the Sanita-kun E.coli & Coliform sheet medium and AOAC method were determined by determining the mean of the logarithm (base 10) of the counts and the SD, s r , for each contamination level of each matrix. The RSD r was obtained by dividing s r by the contamination level.
Results
Inclusivity and exclusivity.-As shown in Table 2 , all of the 32 E. coli strains produced purple-to-indigo color colonies, which were judged as E. coli. All 33 coliform strains other than E. coli produced blue colonies, which were judged as coliform. This result indicates an inclusivity rate of 100%. S. rubidaea strains, which were positive on the Sanita-kun sheets. This result indicates an exclusivity rate of 95.4%. Ruggedness study.-As shown in Table 3 , there was no statistically significant difference among the bacterial counts obtained in all incubation temperatures and times except for some samples of 20 h incubation and 37°C incubation of raw beef. Some counts of 20 h incubation were significantly lower than those of 24 h incubation, and the counts of 37°C incubation in the K. oxytoca-and E. coli-inoculated beef were significantly lower than those at other incubation temperatures. From the results shown in Table 3 , allowances of the incubation temperature and the incubation time were estimated as 35 ± 1°C and 24 h with +4/-3 h, respectively.
LOD.-Average count for 10 sheets, SD r , and the positive rate are shown in Table 4 . With about 1 CFU/mL, the average counts of 10 replicates of Sanita-kun were 0.8-1.8, and SD r values were 0.7-1. Samples that showed higher average counts also showed higher positive rates. Correlation between average count and positive rate was plotted on a graph and was calculated using the following regression formula:
where x = average count and y = positive rate. The LOD can be defined as a concentration of analyte in a sample when the least amount of analyte is detected with a proprietary device. Therefore, the LOD can also be defined as an average count when the positive rate is 1. We calculated the value of x by entering 1 as y in the regression formula above. The result was 2.5. Because the significant figure is single digit, the LOD was estimated as 3 CFU/mL.
Lot-to-lot study.-Twenty inoculated and 12 uninoculated meats showed similar coliform and E. coli counts among the four lots of Sanita-kun E. coli & Coliform sheets, as shown in Table 5 . No significant difference between different lots of Sanita-kun was observed statistically. A performance decrease in an older lot of Sanita-kun was not observed, indicating that there was no change in the performance for at least 3 years.
Comparison to reference method and repeatability.-In the stomacher homogenization, all 100 samples showed no significant difference between Sanita-kun sheet and AOAC Method 966.24 (Table 6 ). In the average count and SD r of five subsamples, most of the samples showed no significant difference between both methods as shown in Table 7 . In the E. coli counts, high level inoculated raw pork showed significantly higher colony counts on the Sanita-kun sheets than by the AOAC method. In the coliform and E. coli counts, middle-and high-level inoculated frozen pork and high-level inoculated frozen beef showed significantly higher colony counts on the Sanita-kun sheets than by the AOAC method. The log 10 counts of Sanita-kun sheets and the log 10 MPN of the AOAC method were plotted on logarithmic paper. A regression analysis was carried out and is shown in Figure 2 . The r 2 values of the Sanita-kun sheets compared to those of AOAC Method 966.24 were calculated as 0.90 (coliform) and 0.79 (E. coli). The SD r values of Sanita-kun sheets were equal to or lower than those of the AOAC method.
In the blender homogenization, 99 of 100 samples showed no significant difference between the Sanita-kun sheet and AOAC Method 966.24, but the count of total coliforms of Sanita-kun in one sample of uninoculated raw beef was significantly higher than that of AOAC Method 966.24 (Table 8 ). In the average count and SD r of five subsamples, most of the samples showed no significant difference between both methods, as shown in Table 9 . In the coliform counts, uninoculated raw beef and low level inoculated frozen beef showed significantly higher colony counts on the Sanita-kun sheets than by the AOAC method. In the E. coli counts, high-level inoculated raw and frozen pork and beef showed significantly higher colony counts on the Sanita-kun sheets than by the AOAC method. The log 10 counts of Sanita-kun sheets and the log 10 MPN of the AOAC method were plotted on logarithmic paper. A regression analysis was carried out and is shown in Figure 2 . The r 2 values of the Sanita-kun sheets compared to those of AOAC Method 966.24 were calculated as 0.84 (coliform) and 0.86 (E. coli). The SD r values of Sanita-kun sheets were equal to or lower than those of the AOAC method. Independent validation studies.-The results for evaluation of the raw ground beef for E. coli and coliforms are presented in Tables 10 and 11 . The ground beef had an average MPN of 1 CFU/g for E. coli and 9.7 CFU/g for coliform over three replicates before inoculation. All counts less than or greater than the LOD of the method were not used in the calculation of the statistics. The two-tailed t-test for paired analyses showed that there was no statistical difference between the counts from the Sanita-kun sheet and the AOAC method for medium-and high-level of coliform counts and all three levels of E. coli counts. The Sanita-kun sheet obtained a statistically higher count of coliforms than the AOAC method for the low-level coliform count.
Discussion
In the comparison study of Sanita-kun sheet and the reference method using stomacher homogenization, all 100 samples showed no significant difference between the counts of Sanita-kun sheet and AOAC Method 966.24. In the average count and SD r of five subsamples, most of the samples showed no significant difference between both methods. However, in the coliform and E. coli counts of middle-and high-level inoculated frozen pork and high-level inoculated frozen beef, the higher counts of Sanita-kun sheet might have been due to the difference in growth of the frozen injured bacteria, similar to the case of Sanita-kun coliforms (8) . In the case of high-and middle-level inoculated samples, the results of Sanita-kun sheet reflected the inoculated level better than those of the AOAC method, including in the case of high-level inoculated raw pork. In the independent study, the higher counts of Sanita-kun sheet in the low-level inoculated raw beef might have been caused by the presence of b-galactosidase-positive but non-gas-producing bacteria, such as Serratia.
In the comparison study of Sanita-kun sheet and the reference method using blender homogenization, 99 out of 100 samples showed no significant difference between the counts of the Sanita-kun sheet and AOAC Method 966.24, but the count of total coliforms of Sanita-kun in one sample of uninoculated raw beef was significantly higher than that of AOAC Method 966.24. In the average count and SD r of five subsamples, most of the samples showed no significant difference between both methods. However, in the coliform counts of uninoculated raw beef, the higher coliform counts of Sanita-kun sheet are attributed to the presence of b-galactosidase-positive but non-gas-producing bacteria, such as Serratia. In the case of frozen beef and frozen pork, the higher E. coli or coliform counts of Sanita-kun sheet might have been due to the difference in growth of the frozen injured bacteria similar to the case of Sanita-kun coliforms (8) , as in the stomacher homogenization study. In the case of high-level inoculated raw beef and raw pork, the average E. coli count of Sanita-kun high-level inoculated samples was about 10 times the middle-level inoculated samples, but the average count of the high-level samples of the AOAC method was 3-3.5 times that of the middle-level samples. The results of Sanita-kun sheet reflected the inoculated level better than those of the AOAC method. The same phenomenon was observed in high-level inoculated frozen beef and frozen pork. The SD r values of Sanita-kun sheets in both homogenization studies were similar or lower compared to AOAC Method 966.24. The sheet method was shown to have equal or better repeatability in comparison with the AOAC method.
We recognized positive reactions on Serratia and A. hydrophila grown on Sanita-kun sheets in the exclusivity test, as shown in Table 2 . These strains are b-galactosidase-positive and a Gram-negative rod, and are detected as the coliform-positive strains by the chromogenic media using the substrate for b-galactosidase. Though we did not recognize gas production, it was often reported with S. marcescens and S. rubidaea in BGLB (9) . S. marcescens and S. rubidaea are opportunistic infection bacteria and A. hydrophila is associated with human gastrointestinal diseases (10, 11) . Therefore, it might be expected that these bacteria were detected as coliforms.
Conclusions
The Sanita-kun E. coli & Coliform is a ready-made medium sheet, which offers advantages over conventional culture methods, such as ease of use, less hands-on time, space-saving, and smaller amounts of waste compared with conventional culture methods. The internal and independent laboratory validation study in meats and meat products was compared with AOAC Method 966.24. The results showed the same performance between Sanita-kun E. coli & Coliform and AOAC Method 966.24, except in some cases of lower 182 USHIYAMA & IWASAKI: JOURNAL OF AOAC INTERNATIONAL VOL. 93, NO. 1, 2010 contaminated raw beef. In some of those cases, the coliform counts of Sanira-kun sheet were higher than those of the AOAC method. The Sanita-kun E. coli & Coliform is user-friendly and can provide an alternative method for the enumeration of total coliforms and E. coli.
